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Plate 41. Type specimen study in different Herbaria (A-C). BSI, Shillong, Meghalaya, 

(D-E). CSIR IIIM, Jammu and (F-G). NBRI, Lucknow 
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Plate 42. (A-B). Landscape of Baokhungri Hill, Kokrajhar District, Assam 
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Plate 43. (A-B). Landscape of Ultapani Forest Range, Kokrajhar District, Assam 
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Plate 44. (A-B). Landscape of Chakrashila Wildlife Sanctuary, Kokrajhar District, Assam 
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Plate 45. (A-B). Landscape of Raimona National Park, Kokrajhar District, Assam 
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Plate 46. (A-B). Landscape of Owabari, Daolur Dwisa, Kokrajhar District, Assam 
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Plate 47. (A-C). Landscape of Manas National Park, Baksa District, Assam 
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Plate 48. (A-B). Landscape of Orang National Park, Udalguri District, Assam 
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Plate 49. (A-B). Landscape of Barnodi Wildlife Sanctuary, Udalguri District, Assam (C-

D). Inside forest view of Nunai Reserve Forest, Udalguri District, Assam 
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Plate 50. (A-C). Landscape of Karbi Anglong District, Assam 
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Plate 51. (A-C). Landscape of Kaziranga National Park, Golaghat District, Assam 
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Plate 52. (A-C). Landscape of Nameri National Park, Balipara Reserve Forest, Sonitpur 

District, Assam 
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Plate 53. (A-B). Landscape of Cachar District, Assam (C-D). Dimahasao District, Assam 
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Plate 54. Different habitats of Glochidion spp. A. Grassland B. Moist shady area C. Hilly 

area D. Sal Forest E. Primary Forest F. Road side area G. Moist semi-evergreen forest H. 

Stream Side area 
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Figure 34. Front page of a published paper 



236 
 

 

Figure 35. Front page of a published paper 
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239 
 

 

Figure 38. Front page of a published paper 

 



  

Plant Science Today, ISSN 2348-1900 (online) 

 OPEN ACCESS 

 

ARTICLE HISTORY 

Received: 23 July 2022 
Accepted:28 November 2022 

Available online 
Version 1.0 : 11 January 2023 
Version 2.0 : 01 April 2023 

 

 

 

Additional information 

Peer review: Publisher  thanks Sectional Editor 
and the other anonymous reviewers for their 
contribution to the peer review of this work. 
 

Reprints & permissions information is avail-
able at https://horizonepublishing.com/
journals/index.php/PST/open_access_policy 
 

Publisher’s Note: Horizon e-Publishing 
Group remains neutral with regard to jurisdic-
tional claims in published maps and institu-
tional affiliations. 
 

Indexing: Plant Science Today, published by 
Horizon e-Publishing Group, is covered by 
Scopus, Web of Science, BIOSIS Previews, 
Clarivate Analytics, NAAS etc.  
See https://horizonepublishing.com/journals/
index.php/PST/indexing_abstracting 
 

Copyright: © The Author(s). This is an open-
access article distributed under the terms of 
the Creative Commons Attribution License, 
which permits unrestricted use, distribution 
and reproduction in any medium, provided 
the original author and source are credited 
(https://creativecommons.org/licenses/
by/4.0/) 
 

 

CITE THIS ARTICLE 

Brahma P, Baruah S. Investigation of 
phytochemical constituents, GC-MS, 
DPPH free radical scavenging assay, and 
mineral contents of Glochidion sphaer-
ogynum (Mull. Arg.) Kurz bark extract. 
Plant Science Today. 2023; 10(2): 98–
105. https://doi.org/10.14719/pst.2019 

Abstract 

The aim of the present study was to assess phytochemical constituents, chemical 

composition, DPPH free radical scavenging assay and mineral contents of Glochidi-

on sphaerogynum (Mull.Arg.) Kurz bark extract. Standard procedures were used to 

test preliminary phytochemical constituents as well as quantitative analysis for 

total alkaloid, flavonoid, saponin, tannin, phenolic and terpenoid content. The 

extract was examined using gas chromatography-mass spectrometry (GC-MS) to 

know the biologically active compound. In-vitro antioxidant potential was investi-

gated using DPPH free radical scavenging assay and the IC50 value for the antioxi-

dant activity of bark extract was 37.4479 μg/mL. The qualitative phytochemical 

investigation revealed the presence of important phytochemical constituents as 

well as considerable amounts of total alkaloid, flavonoid, saponin, tannin, phenolic 

and terpenoid content. GC-MS revealed the presence of biologically active com-

pounds like 1,1,6-Trimethyl-3-methylene-2-(3,6,10,13,14-pentamethyl-3-ethenyl-

pentadec-4-enyl)cyclohexane;  Benzenepropanoic acid, 3,5-bis(1,1-dimethyl ethyl)

-4-hydroxy-, methyl ester; Neophytadiene etc which would be important for me-

dicinal industries. Mineral contents were determined by using Atomic Absorption 

Spectrometry (AAS). The result revealed the presence of a good concentration of 

Na (10.552±0.343 ppm) and Ca (8.973±0.310 ppm) elements followed by K, Fe, Mg 

and Mn and very less concentrations of heavy metals such as Cd, Cr and Pb indicat-

ed the species was devoid of harmful metals.   

 

Keywords  

Glochidion sphaerogynum, phytochemical, GC-MS, DPPH, mineral contents   

 

Introduction 

The Plant produces many phytochemical constituents that protect them 

against insects, pathogens, and herbivores (1). Many of these phytochemical 

constituents also have different biological activities and protect human be-

ings against various diseases (2, 3). According to WHO (World Health Organi-

zation), 80% of people rely on indigenous plant-based medicines for curing 

different diseases (4). Plant produces antioxidants as secondary metabolites, 

which are substances that act in the cell to counteract free radicals and reac-

tive oxygen species (ROS) and control oxidative damage in the body that be-

come scientifically compelling compounds as a consequence of many phar-

macological activities (5, 6). One of the reliable analytical methods for identi-

fying the different chemical components in a plant sample is gas chromatog-

raphy-mass spectrometry (GC-MS) which plays a significant role in the analy-

sis of phytochemical compounds (7-9).  
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 Glochidion sphaerogynum is a small tree belonging 

to the genus Glochidion of the family Phyllanthaceae which 

mainly grows in primary evergreen forests, secondary for-

ests, hilly, or roadside areas, distributed in Bhutan, Nepal, 

Bangladesh, Myanmar, China, Vietnam, Thailand and 

states of India (10). This species can be identified by its 

glabrous plant body, long acuminate leaves, axillary inflo-

rescence and distinguishable lobed capsules from other 

members of the genus Glochidion. The genus Glochidion 

contains various chemical constituents that include flavo-

noid, terpenoid, glycoside, steroid, phenolic compounds, 

triterpenoid, tannin, saponin, alkaloid, resin, anthraqui-

none, reducing sugar, phlobatannin and carbohydrate (11). 

This proves the importance of the genus as a source of me-

dicinal value. The leaves and branches of G. sphaerogynum 

have been used mainly for the treatment of influenza, skin 

problems, common cold, fever, ulcers and inflammation in 

some countries (12-14). However, no detailed examination 

of the phytochemical composition, GC-MS analysis, antiox-

idant potential and assessment of mineral contents of this 

plant has been published so far. So, the present study de-

sired to evaluate phytochemical analysis, identification of 

biologically active compounds using GC-MS, antioxidant 

potential using DPPH free radical scavenging assay and 

assessment of mineral contents in the bark extract of G. 

sphaerogynum based on their medicinal importance. 

Hence, the present study was also conducted to know the 

biologically active components, their mineral composition 

and the antioxidant capacity present in the bark extract.  

 

Materials and Methods   

Collection and identification of the plant material 

The field survey was conducted from January to April 2021 

and fresh plant specimens were collected in the Kokrajhar 

district of Assam. The plant material was identified follow-

ing the literature i.e., Flora of Assam and a voucher speci-

men (008 BUBH) was deposited in the Bodoland University 

Botanical Herbarium (BUBH), Kokrajhar, Assam (15, 16). 

Preparation of the plant extracts 

After identification of the specimen fresh bark material was 

collected. The collected bark was properly washed with 

distilled water and dried in the shade for one and half 

months until it becomes completely moisture free. After 

drying, it was ground to a coarse powder and kept in an 

airtight container. Twenty gms of the powdered sample 

was taken and soaked in 200 mL of methanol for 72 hrs and 

filtered through Whatman filter paper no. 1. Then the fil-

trate extract was evaporated with a vacuum rotary evapo-

rator (Ikon instruments) and set the temperature accord-

ing to the boiling point of the solvent. After evaporation 

residue was taken and stored at 4 °C for future analysis of 

the sample (17, 18).  

Phytochemical screening 

Alkaloid, reducing sugar, steroid, phlobatannin, tannin, 

flavonoid, terpenoid, triterpenoid, saponin, glycoside and 

phenol were tested according to standard methods (18-

21).  

Quantitative estimation of phytochemical constituents 

Total alkaloid content   

2.50 g of powder bark sample was measured, and 200 mL of 

10% acetic acid (CH3COOH) in ethanol (C2H5OH) was added, 

followed by 4 hrs of rest. The filtrate was then heated in a wa-

ter bath after filtration. Until the precipitation was complete, 

concentrated ammonium hydroxide (NH4OH) was applied. It 

was then washed with 20 mL of 0.1M ammonium hydroxide 

(NH4OH) and filtered using Whatman filter paper no. 1. The 

residue was dried in an oven before being weighed on an elec-

tronic balance. The total alkaloid content can be calculated 

using the following formula- 

Alkaloid (%) = Final weight of the residue/Initial weight of 

sample ×100 (18, 19).  

Total flavonoid content 

2.50 g of powder bark sample was mixed with 50 mL of 

80% aqueous methanol (CH3OH) in a 250 mL beaker, it was 

covered and kept at 20 °C for 24 hrs. The supernatant was 

discarded, and the residue was extracted 3 times more, 

each time with the same volume of ethanol (C2H5OH). 

Then, using Whatman filter paper no. 1, the entire solution 

was filtered. The filtrate was dried and weighed in an elec-

tronic balance after being evaporated over a water bath. 

Total flavonoid content can be done as- 

Flavonoid (%) = Final weight of the residue/Initial weight of 

sample ×100 (18, 19).  

Total saponin content 

5 g of powdered bark material was put into a 250 mL coni-

cal flask, followed by 100 mL of 20% aqueous ethanol 

(C2H5OH), and heated in a hot water bath for 4 hrs at 55 °C. 

The procedure was carried out twice more. The mixed ex-

tract was then reduced to 40 mL in a water bath at 90 °C. 

The mixed extract was placed in a separating funnel and 

rapidly shaken with 20 mL diethyl ether {(C2H5)2O}. The 

ether layer was then removed. The purifying process was 

repeated 2 times. After that, 60 mL of n-butanol (C4H10O) 

was added, followed by 2 times washing with 10 mL of 5% 

sodium chloride (NaCl). To obtain a final concentration of 

saponin, the sodium chloride layer was removed and the 

residual solution was heated in a water bath and dried at 

50 °C in an oven. Total saponin content can be done as- 

Saponin (%) = Final weight of the residue/Initial weight of 

sample ×100 (18, 19).  

Total phenolic content 

The total phenolic content of the methanolic bark extract 

was determined following the Folin Ciocalteu's (FC) meth-

od using UV-Vis Spectrophotometer (Shimadzu A 125358) 

with slight modification (22, 23). 0.01 g sample was 

weighed and made up to 1800 µL of distilled water. Then 

150 µL of Folin Ciocalteu reagent and 1 mL of 10% sodium 

carbonate (Na2CO3) were added and made up to 3 mL of 

volume and incubated in the absence of light for 40 min. 

Absorbance was measured at 765 nm against a blank and 

the calibration curve was created using the standard gallic 

acid in the range of 10-50 µg/mL. Based on the average of 

three experiments, the phenolic content of bark extract 
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was quantified as mg of gallic acid equivalents of dried 

extract (mg GAE/g dry extract).  

Total tannin content 

The tannin content of the bark extract was quantified us-

ing the Folin Denis (FD) method in UV-Vis Spectrophotom-

eter (Shimadzu A 125358) with slight modification (24-27). 

0.01 g of the sample was weighed and made up of 1800 µL 

of distilled water. After that, 150 mL FD reagent and 1 mL 

sodium carbonate (Na2CO3) were added to make a total 

volume of 3 mL, which was then incubated in the absence 

of light for 40 min. The calibration curve was built using 

tannic acid as a standard (10-50 g/mL) and calculated at 

the absorbance of 760 nm versus a blank. Based on the 

average of 3 experiments the total tannin content was 

quantified as mg of tannic acid equivalents of dried extract 

(mg TAE/g dry extract).  

Total Terpenoid content 

Total terpenoid content was determined as described by 

the given method (28, 29). For 24 hrs, 2 g of the material 

was dissolved with 50 ml of ethanol (C2H5OH). The mixture 

was then filtered using Whatman No. 1 filter paper. The 

filtrate was collected and extracted with petroleum ether 

(C6H14) before being dried at 65 °C in a water bath. Then the 

residue was collected and calculated the final volume. 

Total terpenoid content can be determined as-  

Terpenoid (%)   

 

GC-MS Analysis 

GC-MS analysis of G. sphaerogynum (Mull.Arg.) Kurz bark 

extract was performed with a Perkin Elmer (USA) Clarus 

680 GC and amp. Turbo Mass Ver. 6.1.2 instrument. The 

system was programmed using the software, and the 

peaks were examined with the NIST-2014 software. The 

stationary phase was 5% diphenyl 95% dimethyl polysilox-

ane, while the carrier gas was helium gas (99.99 %) at a 

flow rate of 1mL/min. A 2 µL injection volume was used in 

splitless mode. The injector has a temperature of 280 °C, 

whereas the ion source has a temperature of 180 °C. Elec-

tron Impact positive (EI+) mode was used to obtain Mass 

Spectra at 70 eV. The mass spectrum of peaks and com-

pounds was determined using NIST-2014 software and a 

library search (30).  

DPPH free radical scavenging assay 

The antioxidant activity of a methanolic extract of G. 
sphaerogynum bark was tested using the 2,2-Diphenyl-1-

picryl-hydrazyl-hydrate (DPPH) assay with slight modifica-

tion (31-34). In the absence of light, 1 mL methanolic ex-

tract solutions (10-60 µg/mL) were dissolved in 3 mL DPPH 

solution and incubated. 3 mL methanol was used to make 

the blank, and 2 mL methanol and 1 mL DPPH solution 

were used to make the control. With a UV-Vis spectropho-

tometer, the absorbance of extracts was measured at 517 

nm after 30 min and compared to that of normal ascorbic 

acid at equal amounts. The ability of the DPPH radical 

scavenging assay was calculated using the following for-

mula- 

% of inhibition = (Absorbance of control - Absorbance of the 

sample extract or standard)/Absorbance of control × 100 

The IC50 value was obtained using linear regression analy-

sis. If the IC50 value is lower, the antioxidant activity is 

stronger.  

Assessment of mineral contents 

Atomic Absorption Spectrometry (AAS), Model: Shimadzu 

AA-7000, was used to determine Sodium (Na), Potassium 

(K), Calcium (Ca), Magnesium (Mg), Iron (Fe), Manganese 

(Mn), Cadmium (Cd), Chromium (Cr) and Lead (Pb) at CIF 

IASST, Guwahati, Assam. The material was digested with 

concentrated nitric acid (HNO3) and hydrogen peroxide 

(H2O2) using the wet ashing process. 0.50 g of sample was 

mixed with 8 mL of HNO3 and let to stand overnight. The 

following day, it was heated for 1 hr at 120 °C on a hot 

plate with 4 mL H2O2 until the digestion was colorless. At 

80 °C, the residue was dried and diluted with hydrochloric 

acid (HCl) and filtered. The results of the AAS were deter-

mined as ppm concentration based on the average of 3 

readings in AAS (35).  

Statistical Analysis 

All the tests were done in 3 replicates. The data was deter-

mined as an average of 3 experiments (n=3) and calculated 

mean ± standard deviation (SD) using Microsoft Excel. The 

statistical analysis was performed by ANOVA single factor 

at p≤ 0.05 level in Microsoft Excel.  

 

Results 

Phytochemical screening 

The presence of significant secondary metabolites such as 

alkaloid, steroid, phlobatannin, tannin, flavonoid, terpe-

noid, triterpenoid, saponin, glycoside and phenol was con-

firmed in the methanolic bark extract of G. sphaerogynum 

(Table 1). 

Phytochemical 

constituents 
Test/Reagent Result 

Alkaloid 

  
  

Dragendorff’s rea-

gent 
+ 

Mayer’s reagent + 

Wagner’s reagent + 

Reducing sugar Fehling’s test - 

Steroid Salkowski test + 

Phlobatannin HCl test + 

Tannin FeCl3 test + 

Flavonoid 

  

FeCl3 test + 

H2SO4 test - 

Terpenoid Salkowski test + 

Triterpenoid H2SO4 test + 

      

Saponin Foam test + 

Glycoside 
Keller-Killiani test - 

Borntrager’s test + 

Phenol FeCl3 test + 

Positive sign (+) = Present; Negative sign (-) = Absent. 

Table 1. Preliminary phytochemical screening of methanolic bark extract of 
G. sphaerogynum  
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Quantitative estimation of phytochemical constituents 

According to the result of quantitative phytochemical 

analysis, total alkaloid and flavonoid contents obtained 

3.73% (0.093±0.025) and 1.24% (0.031±0.019) yield respec-

tively. The total saponin content exhibited a 12.94% 

(0.646±0.473) yield. Total tannin and phenolic contents 

were 6.92112 mg TAE/g dry extract (0.744±0.062) and 

0.1666 mg GAE/g dry extract (0.328±0.045) respectively. 

The total terpenoid content obtained was 8.66% 

(0.173±0.066) yield (Table 2).  

GC-MS Analysis  

The bioactive compounds present in methanolic bark ex-

tracts of the G. sphaerogynum were shown in Fig. 1. The re-

tention time, molecular weight, molecular formula and % of 

peak area were identified using the NIST library and present-

ed in Table 3. The important bioactive compound present in 

the methanolic bark extract were Hentriacontane, Xan-

thosine, Fluorene, Phenanthrene, Neophytadiene, Ben-

zenepropanoic acid,3,5-bis(1,1-dimethyl ethyl)-4-hydroxy-

,methyl ester, 2,6,10,14-Tetramethyl-7-(3-methylpent-4-

enylidene)pentadecane, Z,Z-6,28-Heptatriactontadien-2-one, 

1,1,6-Trimethyl-3-methylene-2-(3,6,10,13,14-pentamethyl-3-

ethenyl-pentadec-4-enyl)cyclohexane, Methyl 2-hydroxy-

eicosanoate. 

DPPH free radical scavenging assay 

The antioxidant potential of bark extract was evaluated 

using the DPPH assay. DPPH free radical scavenging assay 

of concentrations (10-60 µg/mL) and percentage inhibition 

of bark extract and the standard ascorbic acid were pre-

sented in Table 4. Radical scavenging assay at the concen-

tration of 60 µg/mL, bark extract and ascorbic acid showed 

inhibition of 58.503±0.095% and 71.055±0.064% respec-

tively. The IC50 value of bark extract and standard ascorbic 

acid were 37.4479 µg/mL and 20.9167 µg/mL respectively 

that indicating a good amount of antioxidant potential.  

 

Assessment of mineral contents 

The result of the mineral analysis of G. sphaerogynum bark 

extract was enlisted (Table 5). The result showed that sodi-

um (Na) had the highest mineral contents of 10.552±0.343 

ppm followed by calcium (Ca) and potassium (K) contents 

of 8.972±0.310 ppm and 7.230±0.086 ppm respectively. 

Sodium, calcium and potassium are one of the most im-

portant minerals in the body. K and Na help to maintain 

ionic balance, which helps to prevent hypertension and 

improve blood pressure (36, 37). Ca helps to maintain 

teeth, bone, blood clotting and muscle to contract and 

regulate normal heart rhythms and nerve function (38).  

 

Discussion 

The results of preliminary qualitative phytochemical 

screening of the methanolic extract of G. sphaerogynum 

bark showed the presence of important phytochemical 

constituents such as alkaloid, flavonoid, steroid, phlo-

batannin, tannin, terpenoid, triterpenoid, saponin, glyco-

side and phenol that would be implied on the identifica-

tion of new sources of plants as pharmaceutical applica-

tions. The quantitative phytochemical estimation revealed 

a high % yield of saponin content (12.94%) followed by 

terpenoid content (8.66%) and a good concentration of 

tannin content of 6.92112 mg TAE/g dry extract 

(0.744±0.062) and phenolic content of 0.1666 mg GAE/g dry 

extract (0.328±0.045) respectively. In the present study, a 

good amount of alkaloids and flavonoids also have been 

recorded. Important biological activities such as antioxi-

dant, anti-inflammatory, antibacterial and antimicrobial 

activities are known to exist in terpenoids, phenols, flavo-

noids, saponins, tannins and alkaloids (39).  

 The molecule 1,1,6-Trimethyl-3-methylene-2-

(3,6,10,13,14-pentamethyl-3-ethenyl-pentamethyl-3-

ethenyl-pentadec-4-enyl) cyclohexane which is the prima-

ry compound identified as having pharmacological activi-

ties such as antimicrobial, anti-inflammatory, anticancer, 

antiarthritic, antiviral with the highest peak area of 2.263% 

followed by the compound Benzenepropanoic acid, 3,5-bis

(1,1-dimethyl ethyl)-4-hydroxy-, methyl ester with the peak 

area of 1.091% that has antioxidant and antifungal proper-

ties found during the GC-MS analysis. From the GC-MS da-

ta, all the identified compounds possess important biolog-

ically active compounds such as antioxidants, antitumor, 

antimicrobial, anti-inflammatory, antifungal, cytotoxic and 

various pharmacological activities which creates a basis 

for defining the plant's potential benefits in medicinal in-

dustries (Table 3).  

 The DPPH free radical scavenging assay was used to 

examine antioxidant activity. The result showed that the 

concentrations of methanolic bark extracts had significant 

DPPH free radical scavenging effects. The highest % inhibi-

tion (59.512±0.557) showed in 50 µg/mL followed by 

58.503±0.095 % inhibition in 60 µg/mL with a potent anti-

oxidant amount of IC50 value. Further assays are required 

to know the significance of the antioxidant capacities of 

the extract. 

Parameters Result 

Total alkaloid content (% yield) 
Total flavonoid content (% yield) 
Total saponin content (% yield) 

Total phenolic content (mg GAE/g) 
Total tannin content (mg TAE/g) 

Total terpenoid content (% yield) 

0.093±0.025 
0.031±0.019 
0.646±0.473 
0.328±0.045 
0.744±0.062 

0.173±0.066 

Table 2. The total alkaloid, flavonoid, saponin, phenolic, tannin and terpenoid 
contents in methanolic bark extract of G. sphaerogynum  

Fig. 1. GC-MS chromatogram of methanolic bark extract of G. sphaerogynum  

Sample was analyzed in three replicates and data were indicated as an aver-
age of three tests (n=3), mean ± standard deviation (SD), and they were 
significantly different from each other at p≤ 0.05 level (ANOVA single test). 
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In order to be healthy, the human body requires a variety of 

minerals found in different varieties of plants. Apart from this, 

plants possess minerals that are beneficial for humans and 

some toxic metals which are harmful to human health. The 

presence of heavy metal toxicity in plants may create severe 

problems. The determination of mineral composition showed 

the highest concentration in sodium (Na) elements followed 

by calcium (Ca), potassium (K), iron (Fe), magnesium (Mg), 

manganese (Mn), and less concentration of chromium (Cr), 

lead (Pb) and cadmium (Cd). Na maintains the osmotic pres-

sure in the body and activates nerves and muscle functions 

(40). K and Na maintain the ionic equilibrium that helps to 

prevent hypertension and enhances blood pressure (36, 37). 

Mg is important for enzyme activation and bone formation 

and Ca plays an important role as a constituent of bones and 

teeth formations, regulation of nerves and muscles functions 

in living cells and helps in membrane formulating (40). Fe is 

linked to haemoglobin and oxygen transmission from the 

lungs to tissue cells. Mn activates enzymes and is involved in 

urea formation, haemoglobin formation, helping in the nerv-

ous system and normal bone growth (37, 41, 42). Cd, Pb and 

Cr are non-essential elements in both plants and humans if it 

consists of high concentration. They are responsible for toxic 

substances (43). Plants are a good source of phytochemicals 

and minerals that can be useful for the nutraceutical industry. 

Several investigations have found elemental content in plant 

extracts that we consume as herbal health supplements or 

medicine and biochemical processes in the human body are 

affected by macro and trace elements (36, 37, 41). Therefore, 

it was evident from the results that the plants would be free of 

harmful materials because of the very low concentration of 

Cr, Pb, and Cd and could be important mineral consuming 

plants due to the presence of the important mineral ele-

ments.  

Sl. 
No. 

Retention 
time 

Compound name Peak area % 
Molecular 

weight 
Molecular for-

mula 
Biological activity 

1 19.123 
Hentriacontane 

  
  

0.249 
  

436 
  

C31H64 

  
Anti-inflammatory, antitumor and antimi-

crobial activities (44) 

2 20.588 
Xanthosine 

  
0.247 284 

C10H12N4O6 

  
Therapeutic and pharmacological proper-

ty (45) 

3 23.139 
Fluorene 

  
0.473 

  
166 

C13H10 

  
Drug design (46) 

4 27.381 
Phenanthrene 

  
0.608 

  
178 

C14H10 

  

Analgesic, antitussive, antimalarial, cyto-
toxic, anti-constipation, antioxidant, anti-

inflammatory activity (47) 

5 28.141 Neophytadiene 0.229 530 C20H38 
Anti-inflammatory, antipyretic, analgesic, 

antioxidant, antimicrobial, antifungal, 
antibacterial activity (48-52) 

6 28.987 
Benzenepropanoic acid, 3,5-bis
(1,1-dimethyl ethyl)-4-hydroxy-, 

methyl ester 

1.091 
  

292 
C18H28O3 

  
Antioxidant, antifungal (53-56) 

7 31.848 
2,6,10,14-Tetramethyl-7-(3-

methylpent-4-enylidene) penta-
decane 

0.468 
  

348 
C25H48 

  
Anti-inflammatory, 

Antioxidant (57) 

8 33.849 
Z,Z-6,28-Heptatriactontadien-2-

one 
0.751 

  
530 C37H70O 

Vasodilatory, carcinogenic, antioxidant 
activity (58, 59) 

9 35.174 

1,1,6-Trimethyl-3-methylene-2-
(3,6,10,13,14-pentamethyl-3-

ethenyl-pentadec-4-enyl)
cyclohexane 

2.263 

  
442 C32H58 

Pharmacological activity, antimicrobial, 
anticancer, antiarthritic, anti-

inflammatory and antiviral properties (60, 
61) 

10 37.955 Methyl 2-hydroxy-eicosanoate 
0.275 

  
342 

  
C21H42O3 

Pharmaceutical property, antioxidant, 
anti-inflammatory (62, 63) 

Table 3. Identified chemical composition of methanolic bark extract of G. sphaerogynum using GC-MS and their biological activity  

Concentration (µg/mL)   % inhibition 

  Bark extract Ascorbic acid 

10 
20 
30 
40 
50 
60 

IC50(µg/mL) 

38.272±1.165 
44.080±0.586 
42.013±1.190 
51.070±0.794 
59.512±0.557 
58.503±0.095 

37.4479 

41.767±0.641 
59.143±0.109 
56.091±0.461 
62.072±0.346 
65.985±0.031 
71.055±0.064 

20.9167 

Table 4. DPPH assay of methanolic bark extract of G. sphaerogynum 

The sample was analyzed in three replicates and data were indicated as an 
average of three tests (n=3), mean ± standard deviation (SD) and they were 
significantly different from each other at p≤ 0.05 level (ANOVA single test)  

Minerals Result (ppm) 

Sodium (Na) 
Potassium (K) 
Calcium (Ca) 

Magnesium (Mg) 

Iron (Fe) 
Manganese (Mn) 
Chromium (Cr) 

Lead (Pb) 
Cadmium (Cd) 

10.552±0.343 
7.230±0.086 
8.973±0.310 
3.379±0.167 
4.026±0.076 

3.367±0.179 
0.162±0.011 
0.162±0.016 
0.009±0.002 

  

Table 5. Mineral assessment of bark of G. sphaerogynum  

The sample was analyzed in three replicates and data were indicated as an 
average of three tests (n=3), mean ± standard deviation (SD), and they were 
significantly different from each other at p≤ 0.05 level (ANOVA single test) 
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Conclusion 

The study revealed that plant has a potential source of 

phytochemical constituents that would be beneficial to 

humankind. The GC-MS analysis justifies the presence 

of important biological and pharmacological properties 

such as antifungal, antibacterial, antioxidant, antimi-

crobial, anti-inflammatory, antimalarial, analgesic and 

cytotoxic activities). This study can serve as a basis for 

additional research on the biological activities of the 

plant. The DPPH assay of bark extract exhibited a good 

amount of antioxidant compound which could be use-

ful in the pharmaceutical and medicinal industry. Min-

eral determination indicated the presence of a signifi-

cant number of mineral factors such as sodium (Na), 

calcium (Ca), potassium (K), iron (Fe), magnesium (Mg), 

manganese (Mn) and the plant could be free from toxic 

substances due to less concentration of heavy metal 

such as Cadmium (Cd), Chromium (Cr) and Lead (Pb). 

This is the first report citing mineral contents and de-

tailed phytochemical evaluation, GC-MS and antioxi-

dant analysis of the G. sphaerogynum. Further studies 

are needed to isolate biologically active compounds as 

important in pharmacological industries.  
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Abstract: The genus Glochidion, a member of the family Phyllanthaceae, primarily comprises shrub or tree species. It stands out from other 
genera due to distinctive reproductive features, including prolonged styles in flowers and fruits, apiculate anthers, and lobed and unlobed 
capsules. This study aimed to compare the morphological characteristics of nine taxa in Assam to facilitate identification and assess 
ethnobotanical knowledge. Ethnobotanical information was gathered by interviewing the local community, and a taxonomic key was 
provided for accurate identification. Morphological data underwent principal component analysis (PCA) and cluster analysis using PAST 
for validation. The comparison revealed distinct characteristics in both vegetative and reproductive traits among Glochidion members. 
Reproductive features, such as inflorescence, style, ovary, and capsules, were key factors for differentiation and identification. PCA and 
cluster analysis demonstrated correlation and variation among the taxa, contributing significantly to their demarcation. Ethnobotanical 
studies indicated the genus’s potential medicinal properties, supported by both primary and secondary information.
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INTRODUCTION

Northeastern India, including Assam, has a wide 
variety of vegetation due to its topographic and climatic 
diversity.  It is one of the most diverse regions in the world 
(Dutta & Dutta 2005; Mao & Roy 2016; Bhattacharyya et 
al. 2020). The people of Assam have employed a number 
of plants to treat a wide range of ailments since ancient 
times (Kanjilal et al. 1940; Bhattacharya et al. 1991). 
There are many medicinal plants in the area that are well-
known to ethnic communities, and Assam is regarded as 
one of the ecological hot spots in the world (Myers et al. 
2000; Asati & Yadav 2004; Saikia et al. 2006).

The species of Glochidion J.R.Forst. & G.Forst. have 
been used by local people in different places in the 
world and have immense value in the field of medicine 
(Lai et al. 2004; Xiao et al. 2008; Bajpai et al. 2016; 
Chakrabarty & Balakrishnan 2018). Some important 
biological and pharmacological activities, including the 
anticancer, antioxidant, and antimicrobial activities of a 
few members of Glochidion have been reported by many 
workers (Azam et al. 2012; Rathod & Rajurkar 2017). The 
people of India mainly rely on medicinal plants and are 
well-known for ethnobotanical knowledge (Maikhuri & 
Gangwar 1993; Prakash et al. 2008). Therefore, it was 
felt worth exploring the genus Glochidion in Assam for 
its current taxonomy and to assess its ethnomedicinal 
uses.

The genus Glochidion J.R.Forst. & G.Forst. is a 
member of the family Phyllanthaceae which is native to 
northern Australia, Polynesia, southern Asia, and tropical 
Asia (Chakrabarty & Balakrishnan 2018). The members 
of the genus are either shrubs or trees, monoecious, 
pubescent, or glabrous with drooping branches. They 
are mostly found in evergreen, moist deciduous, 
tropical, primary and secondary forests, sal forests, hilly 
areas, and some swampy areas. There are over 320 
species worldwide; about 22 species, and eight varieties 
in India (Balakrishnan & Chakrabarty 2007; Balakrishnan 
et al. 2012; Chakrabarty & Balakrishnan 2018; Brahma & 
Baruah 2023). Kanjilal et al. (1940) designated 16 species 
from erstwhile Assam in ‘Flora of Assam’. At present 
12 species and four varieties of the genus are found in 
Assam (Chakrabarty & Balakrishnan 2018). Traditionally, 
Glochidion was placed in Euphorbiaceae (Bentham & 
Hooker 1862–1883; Hutchinson 1973). Later, Hoffmann 
et al. (2006) discovered that the genus Glochidion sensu 
lato includes Breynia J.R.Frost & G.Forst., Flueggea Willd. 
and Margaritaria L.f., which are all allied to Phyllanthus 
as members of the tribe Phyllantheae and, therefore, 
belong to the segregate family Phyllanthaceae, and 

this was later ascertained by Chase et al. (2016) on 
the molecular basis. The absence of latex and the bi-
ovulate ovary distinguish the family Phyllanthaceae from 
Euphorbiaceae (Chakrabarty & Balakrishnan 2018).

Earlier in some floras, G. ellipticum used to be 
referred to as G. assamicum, a synonym of G. ellipticum; 
G. velutinum, i.e., synonym of G. heyneanum; G. hirsutum 
or G. tomentosum, i.e., synonym of G. zeylanicum var. 
tomentosum; and G. arborescens, i.e., synonym of G. 
zeylanicum var. arborescens (Hooker 1890; Kanjilal et al. 
1940). According to recent literature and taxonomy data, 
the taxa G. ellipticum, G. heyneanum, G. zeylanicum var. 
tomentosum, G. zeylanicum var. arborescens are the 
accepted names (Chakrabarty & Balakrishnan 2018; 
WFO 2023). 

The present study aimed to resolve the taxonomic 
identity of certain members of the genus Glochidion 
based on their morphology. The principal component 
analysis (PCA) and cluster analysis were carried out to 
authenticate the morphological evaluation of the taxa 
studied. All the relevant ethnobotanical information 
about the Glochidion taxa collected from Assam was 
documented based on primary sources that could yield 
potential information in the field of medical research. 

MATERIALS AND METHODS

Sample collection, Identification, and Ethnobotanical 
assessment

Field surveys were conducted in the diverse forest 
areas in Assam from December 2019 to January 2023. 
Before conducting the field survey, approval was 
taken from Assam State Biodiversity Board (ASBB) and 
PCCF Wildlife Warden, Panjabari, Assam. Glochidion 
specimens were collected randomly from various 
locations in Assam, India (Table 1). During the field, 
collected specimens were taken in an airtight poly bag 
for further morphological examination and photographs 
of the specimens were taken using a Realme XT 64 MP 
mobile camera phone. Garmin GPS etrex 10 was used 
to record and identify precise latitudes and longitudes 
of the area of the specimen. In the lab, both vegetative 
and reproductive characteristics of freshly collected 
specimens were examined carefully under a Biocraft 20X 
simple microscope and a Leica EZ4W stereo microscope.

After a critical analysis of the character, identification 
was made with the help of some authentic literature 
(Hooker 1890; Kanjilal et al. 1940; Borthakur et al. 2018; 
Chakrabarty & Balakrishnan 2018), online taxonomic 
databases (e-Floras 2008; The Plant List 2013; GBIF 
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2021; POWO 2023) and also with the help of India 
herbaria (ASSAM, ARUN, and CAL) and digital herbaria 
(A, MO, NY) (acronyms following Thiers 2018). After 
reviewing pertinent literature, the threat status of the 
collected plant taxa was also determined (IUCN 2022). 
During identification, accepted scientific names and 
the synonyms of the collected taxa were also checked 
and confirmed through online databases such as IPNI, 
POWO, and The WFO Plant List (IPNI 2023; POWO 
2023; WFO 2023). The dominant characters that played 
a key role in the identification of the specimen were 
their reproductive characters. The list of the collected 
specimens with their locality, accession number, GPS 
coordinates, and distribution map were procured (Table 
1; Figure 1). The distribution map was created with QGIS 
3.26.3 version software.

Ethnobotanical information of all collected taxa 
was made by the scrutiny of literature as well as 
communication with some local people and traditional 
healers in the study area. In addition to documenting the 
traditional uses and parts utilized for the specimen, we 
recorded their vernacular names, mode of preparation, 
application, and route of administration, as outlined in 
Table 5.

Herbarium preparation and deposition
Herbarium preparations adhered to the established 

techniques outlined by Jain & Rao (1977), while 
poisoning procedures followed the methods specified 
by Clark (1986). Authenticated and verified herbarium 
specimens for each collected taxon were deposited at 
the Botanical Survey of India (BSI) in Shillong, Meghalaya. 

PCA and Cluster analysis
 Fifteen morphological characters (Table 3) were 

analyzed based on using principal component analysis 
(PCA) and cluster analysis (Hammer et al. 2001). 
Multivariate PCA and hierarchical cluster analysis were 
assessed using the software PAST 4.06b version.

RESULTS

Glochidion: Morphological diagnosis
Monoecious and rarely dioecious; primarily of shrubs 

or trees; pubescent or glabrous; droopingly branched. 
Leaves simple, alternate, usually asymmetrical at the 
base, entire, petiolate, stipulate. The inflorescence is 
usually axillary, supra-axillary, or pedunculate, with few 
to many flowers. Staminate flowers are mostly long 

Figure 1. Distribution map of collected taxa from different places in Assam.
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pedicellate, with sepals 3–6, free, but no petals or disc. 
Anthers are present, 3–12, connective, pistillode absent. 
Pistillate flowers shortly pedicellate or sessile; sepals 
3–6, free to connate; petals or disc absent; staminodes 
absent. Ovary 3–14 locular, biovulate locules; styles 
usually connate into a column, conical, or globose. 
Capsular pedicellate or sessile with a style column at 
the apex, depressed, subglobose, unlobed, and deeply 
or conspicuously lobed; pubescent or glabrous, green, 
white, or creamy to reddish. Seeds are usually 3–14, 
compressed, hemispherical with an arillate coat.

Review on the ethnobotanical knowledge of members 
of Glochidion in India

Some ethnobotanical uses of members of the genus 
Glochidion were mentioned by earlier workers. These 
are given below-

The paste of Glochidion tomentosum Dalz. is used 
externally in wounds by the tribes of Eastern Ghat, India 
(Reddy et al. 2006). The Chiru tribe of Manipur, India, 
consumed young leaves of G. multiloculare (Rottler ex. 
Willd.) Voigt and cooked them as an enjoyable curry 
and used them against stomach disorders (Rajkumari et 

Table 1. List of recorded taxa in the studied area with their locality, accession number, and GPS coordinates.

Figure 2. Multivariate Principal Component Analysis (PCA) of different members of Glochidion based on morphological characteristics.

Taxa Locality Accession 
No. GPS coordinates

Glochidion ellipticum Wight Kokrajhar District, Assam 98605 26.49470N, 90.43190E

G. heyneanum (Wight & Arn.) Wight Kokrajhar District, Assam 98606 26.62360N, 90.40610E

G. lanceolarium (Roxb.) Voigt Chakrashila Wildlife sanctuary, Kokrajhar District, 
Assam 98608 26.42360N, 90.49630E

G. multiloculare (Rottler ex Willd.) Voigt Kokrajhar District, Assam 98604 26.73380N, 90.43080E

G. multiloculare var. pubescens Chakrab. & 
M.Gangop. Orang National Park, Udalguri District, Assam 98610 26.78580N, 92.33050E

G. sphaerogynum (Mull.Arg.) Kurz Chakrashila Wildlife Sanctuary, Kokrajhar District, 
Assam 98609 26.29020N, 90.37470E

G. zeylanicum var. arborescens (Blume) Chakrab. & 
M.Gangop. Ultapani Forest Range, Kokrajhar District, Assam 98603 26.80020N, 90.34660E

G. zeylanicum var. tomentosum Trimen. Ultapani Forest Range, Kokrajhar District, Assam 98607 26.77220N, 90.41580E

G. zeylanicum (Gaertn.) A.Juss Nokpakghat, Karbi Anglong District, Assam 98611 26.38380N, 93.20610E
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al. 2013). The bark of G. multiloculare is used for skin 
diseases and wounds (Bajpai et al. 2016). Roots of G. 

multiloculare are used in snake bites (Brahma et al. 2002). 
The fruit and stem of G. heyneanum (Wight & Arn.) Wight 
is used in diabetes, fever, and bone fracture (Kumar et al. 
2019). Roots of G. heyneanum are used in snake bites 
(Bajpai et al. 2016). Barks and leaves of G. zeylanicum 
(Gaertn.) A.Juss. are used in snake bites and stomach 
ulcers, and tender shoots are applied to itches (Das et 
al. 2013; Chakrabarty & Balakrishnan 2018; Kumar et al. 
2019). Branches and leaves of G. sphaerogynum (Mull.
Arg.) Kurz. are used in influenza and eczema (Lalrinkimi 
& Lallianthanga 2019). Fruits of G. daltonii (Mull.Arg.) 
Kurz. is used in cough and dysentery, and the bark of G. 
ellipticum Wight is used in inflammation (Bajpai et al. 

Figure 3. Paired group (UPGMA) dendrogram using hierarchical cluster 
analysis of different members of genus Glochidion based on their mor-
phological characteristics.

Table 3. Character state of morphological characteristics of different members of Glochidion used in cluster analysis.

Taxa LSh LAB LS PL INF MF SM AN FF SF ST OV CP CC SC

E 1 1 2 1 0 1 0 1 1 1 1 1 1 1 1

H 4 4 1 0 0 0 0 4 3 1 2 4 2 3 3

L 2 2 2 2 0 2 0 2 2 1 2 2 2 2 1

M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

MP 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

S 3 3 2 3 0 3 0 3 0 1 3 3 3 0 2

ZA 6 6 1 5 1 4 0 6 5 1 5 6 4 4 1

ZT 5 7 1 6 1 5 0 7 6 1 6 2 5 4 1

ZZ 5 5 2 4 1 0 0 5 4 1 4 5 3 4 1

E—G. ellipticum | H—G. heyneanum | L—G. lanceolarium | M—G. multiloculare var. multiloculare | MP—G. multiloculare var. pubescens | S—G. sphaerogynum | 
ZA—G. zeylanicum var. arborescens | ZT—G. zeylanicum var. tomentosum |  ZZ—G. zeylanicum var. zeylanicum | LSh—Leaf shape | LAB—Leaf apex & base | LS—Leaf 
surface | PL—Petiole length | INF— Inflorescense | MF—Male flower | SM—Sepal of male flower | AN—Anther | FF—Female flower | SF—Sepal of female flower | 
ST—Style | OV—Ovary | CP—Capsule | CC—Capsule color | SC—Seed color
Character states: Leaf Shape: Oblong to lanceolate, elliptic to oblanceolate = 0; Elliptic to lanceolate, oblong to obovate = 1; Lanceolate to oblanceolate, elliptic = 2; 
Oblong to elliptic, falcate = 3; Ovate to elliptic, obovate = 4; Ovate to elliptic, cordate = 5; Ovate to elliptic = 6; Leaf apex & base: Acute, apiculate or retuse at apex, 
obtuse or rounded at base = 0; Apiculate, caudate, acuminate at apex, obtuse at base = 1; Apiculate, acuminate or acute at apex, obtuse or rounded at base = 2; 
Acuminate at apex, attenuate at base = 3; Acute, apiculate at apex, obtuse or rounded at base = 4; Acute, apiculate at apex, cordate, asymmetric, truncate at base = 5; 
Acute, acuminate at apex, obtuse or rounded at base = 6; Obcordate, acute at apex, obtuse, truncate, asymmetric at base = 7; Leaf surface: Glabrous on both surfaces 
at mature and pubescent at young = 0; Pubescent on both surfaces and densely pubescent beneath = 1; Glabrous on both surfaces = 2; Petiole length: 0.1–0.5 cm long 
= 0; 0.4–1 cm long = 1; 0.6–1 cm long = 2; 0.9–1 cm long = 3; 0.1–0.8 cm long = 4; 0.3–0.5 cm long = 5; 0.5–0.7 cm long = 6; Inflorescence: Axillary = 0; Supra-axillary, 
pedunculate, rarely axillary = 1; Male flower: Pedicellate, 0.5–1 cm long = 0; Pedicellate, 0.5–1.7 cm long = 1; Pedicillate, 0.9–2 cm long = 2; Pedicellate, 0.5–1.8 cm long 
= 3; Pedicellate, 0.5–0.7 cm long = 4; Pedicellate, 0.7–1.8 cm long = 5; Sepal of male flower: 6 = 0; Anther: 5–12 = 0; 4–5 = 1; 4–6 = 2; 3–5 = 3; 3–4 = 4; 3–8 = 5; 5–7 = 6; 
5–8 = 7; Female flower: Pedicellate, 0.3–0.5 cm long = 0; Pedicellate, 0.1–0.5 cm long = 1; Sessile, 0.06–0.09 cm long = 2; Pedicellate, 0.1–0.6 cm long = 3; Pedicellate, 
0.1–0.9 cm long = 4; Pedicellate, 0.4–0.6 cm long = 5; Pedicellate, 0.4–1 cm long = 6; Sepal of female flower: 6–12 = 0; 6 = 1; Style: Conical, subglobose = 0; Columnar, 
conical =1; Columnar = 2; Discoid = 3; Free = 4; Columnar, persistent = 5; Columnar, subconical = 6; Ovary: Depressed, 5–12 locular = 0; Subglobose, 3–6 locular = 1; 
Depressed, subglobose, 5–8 locular = 2; Depressed, 4–12 locular = 3; Depressed, subglobose, 4–5 locular  = 4; Depressed, Subglobose, 4–8 locular = 5; Subglobose, 
4–6 locular = 6; Capsule: Pubescent, pedicellate, conspicuously lobed = 0; Pubescent, pedicellate, shallowly lobed = 1; Sparsely pubescent, sessile, shallowly lobed to 
deeply lobed = 2; Glabrous, pedicellate, ambiguously lobed =3; Densely pubescent, pedicellate, obviously unlobed =4; Densely pubescent, pedicellate, ambiguously 
lobed; Capsule color: Green = 0; Light green to creamy, whitish = 1; Light green, creamy to reddish = 2; Green to yellow green = 3; Light green, yellow green to reddish 
= 4; Seed color: Green to red = 0; Yellow green to red = 1; Green to orange = 2; Yellow green to orange = 3 

Table 4. Principal component analysis (PCA) based on morphological 
characteristics of different members of Glochidion.

PC Eigenvalue % variance

1 41.3263 83.254

2 4.25921 8.5804

3 2.02297 4.0754
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2016). The paste made from the seeds of G. ellipticum 
is used as an antiallergic (Babu 1995). The bark of G. 
lanceolarium (Roxb.) Voigt is used in stomach diseases 
and is used as an anti-itch drug, oil made from seeds is 
also used as a source of light (Chanda et al. 2007; Bajpai 
et al. 2016; Chakrabarty & Balakrishnan 2018). The 
seeds of G. calocarpum Kuna are applied externally for 
skin diseases, and leaves are used orally to cure fever 
(Elanchezhian et al. 2007). According to Lalfakzuala et al. 
(2007), fruits of G. arborescens are used as wild edible 
fruits that are consumed by the local people of Mizoram. 
The fruits of G. khasicum (Mull.Arg.) Hook.f. are also 
edible and consumed by the tribal people of the Khasi 
hills in Meghalaya (Chakrabarty & Balakrishnan 2018).

DISCUSSION

The comparative morphological characteristics of 
certain species of the genus Glochidion showed many 
similarities and distinctive characteristics, which can be 
helpful for the identification and classification of the taxa 
(Table 2). Some of the major distinctive characteristics 
were leaf morphology, petiole length, and reproductive 
structures, i.e., inflorescences, male and female flowers, 
anthers, style, ovary, and capsule. The presence or 
absence of hairs on stems, leaves, inflorescence, and 
capsules also significantly differentiates the taxa. G. 
multiloculare var. pubescens an endemic variety of 
Assam showed nearly identical habit, vegetative and 
reproductive characteristics, with the exception of a 
glabrous plant body in G. multiloculare var. multiloculare 
(Chakrabarty & Balakrishnan 2018). The other major 
distinctive characteristics of both the taxa are that 

Table 5. Enumeration of ethnobotanical knowledge of Glochidion in Assam.

Botanical name Vernacular names Parts used Mode of preparation Application Route of 
administration

Glochidion 
multiloculare 
(Rottler ex Willd.) 
Voigt 

Thakha Biphang or 
thakha mala (Bodo), 
Gorumora, Dolpoduli 
(Assamese)

Leaves, 
barks, Roots

- A small number of leaves are ground 
into a paste.
- A small amount of bark is taken and 
ground into a paste.
- 3–4 roots are taken to make a paste.

- Fracture and body 
swelling
- Skin diseases and 
wounds
- Snake bite

- External

- External

- External

G. ellipticum 
Wight

Thakha Biphang 
or thakha mala 
(Bodo), Panimadhuri 
(Assamese), 
Latimaowa (Nepali)

Bark, stem 
branches, 
and roots

- A small amount of bark is removed 
and ground into a paste, which is then 
administered to the diseased area.
- A paste is made by crushing the stem 
and applying it to the swelling area.
- Roots are ground into a paste.

- Body swelling, Skin 
problem

- Body swelling

- Snake bite

- External

- External

- External

G. sphaerogynum 
(Mull.Arg.) Kurz.

Thakha Biphang 
or thakha mala 
(Bodo), Panimadhuri 
(Assamese), Boljakru 
(Garo)

Young 
branches and 
leaves

Young branches and leaves are ground 
into a paste and blended with a small 
amount of water.

- Skin diseases
- Branches are used as 
firewood also.

- External

solitary or individual flowers and fruits occur in each 
axil in G. multiloculare var. pubescens while multiple 
flowers and fruits in each axil of the plant body have 
been observed in G. multiloculare var. multiloculare. The 
variety G. zeylanicum var. tomentosum presented almost 
the same character as G. zeylanicum var. zeylanicum, 
with the major difference being its hairy or tomentose 
character. G. heyneanum showed puberulous habits 
on the stems and leaves. In some taxa, leaves were 
asymmetric or symmetric at the base. 

The majority of taxa exhibited axillary inflorescence 
while G. zeylanicum var. zeylanicum, G. zeylanicum 
var. tomentosum and G. zeylanicum var. arborescens 
showed supra-axillary or pedunculate and rarely 
axillary inflorescence. Male flowers of the taxa revealed 
remarkably similar traits, but the number of anthers 
separated them. Female flowers presented different 
characteristics from male flowers. The peduncles of 
all the female flowers were shorter than the male 
flowers. The number of locules in the ovary varied 
by taxon, and style characters also played a key role. 
The shape, size, color, locules, and hairy habit of the 
capsule were distinguished among taxa, which showed 
taxonomic significance. Some taxa like G. zeylanicum 
var. zeylanicum and their varieties, were easily identified 
with their unlobed and ambiguously lobed capsule. G. 
multiloculare and G. sphaerogynum exhibited deeply 
or conspicuously lobed capsules while G. ellipticum 
presented a superficially lobed capsule. The capsule 
of G. lanceolarium was sessile, i.e., the fruit without 
the stalk or it lacked a pedicel, which distinguished it 
from other taxa. When dried, most of the leaves of the 
members were curled at the margin. While Glochidion 
and Epicephala moths were mutualists (Kato et al. 
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2003), most Glochidion leaves and drooping branches 
were found in insect-damaging conditions. As a result, 
some easily detectable characters for taxa identification 
could exist.

Based on morphological data, both PCA and cluster 
analysis were analyzed (Table 3–4 & Figure 2–3). The 
first PCA variance was 83.254% with an eigenvalue of 
41.3263 followed by the second PCA variance of 8.5804% 
with an eigenvalue of 4.25921. The line connected to 
PC1 and PC2 makes up 91.8344% of the total variance 
and is a good sign of the variability of the initial data. 
PC1 represented the variation of the taxa based on 
the characters such as leaf shape (LSh), leaf apex and 
base (LAB), anther (AN), female flower (FF), sepal of the 
female flower (SF), ovary (OV), capsule color (CC), seed 
color (SC) and PC2 represented the characters such as 
leaf surface (LS), petiole length (PL), inflorescence (INF), 
male flower (MF), sepal of male flower (SM), style (ST), 
capsule (CP). In PC1, five taxa were observed i.e., G. 
ellipticum (GE), G. lanceolarium (GL), G. multiloculare 
var. pubescens (GMP), G. sphaerogynum (GS), and G. 
zeylanicum var. tomentosum (GZT). PC2 denoted a total 
of four taxa, viz., G. heyneanum (GH), G. multiloculare 
var. multiloculare (GM), G. zeylanicum var. arborescens 
(GZA), and G. zeylanicum var. zeylanicum (GZZ). From 
cluster analysis the tree revealed that G. multiloculare 
var. multiloculare (GM) and G. multiloculare var. 
pubescens (GMP) as cluster 1, G. heyneanum (GH) 
as cluster 2, G. sphaerogynum (GS) as cluster 3, G. 
ellipticum (GE) and G. lanceolarium (GL) as cluster 4, G. 
zeylanicum var. arborescens (GZA), and G. zeylanicum 

var. tomentosum (GZT) as cluster 5, G. zeylanicum var. 
zeylanicum (GZZ) as cluster 6. Taxa present in the same 
cluster specified more correlation than the taxa present 
in the different clusters.

The ethnobotanical study revealed that some 
members of the genus Glochidion were traditionally 
used to cure different diseases (Table 5) in Assam. 
Among the uses, the most frequent are skin diseases, 
fractures, body swelling, and snake bites.

CONCLUSION

The study revealed that there are similarities 
and differences among the members of the genus 
Glochidion which are more reliable for grouping and 
classifying the taxa. Documentation of ethnobotanical 
evidence signifies the importance of the genus. Both 
primary and secondary sources of the ethnobotanical 
knowledge showed the members have medicinally 
important properties and almost all parts, i.e., leaves, 
bark, and roots, have been used by the local people 
for the treatment of various diseases in India including 
Assam. This study summarized that both taxonomical 
study and conservation of ethnobotanical knowledge 
are of great significance, with the ability to stimulate 
subsequent biological investigation. Moreover, PCA and 
cluster analysis also validated the data on comparative 
morphological traits that showed correlation and 
variation among the analyzed species.

Key to the species and varieties based on vegetative and reproductive characters

1. Inflorescence axillary ..................................................................................................................................... 2
1. Inflorescence axillary to supra-axillary .......................................................................................................... 6

2. Capsules shortly pedicellate .......................................................................................................................... 3
2. Capsules sessile ...................................................................................................................... G. lanceolarium

3. Leaves curl upwards with a margin when dry ..................................................................... G. sphaerogynum
3. Leaves do not curl upwards with a margin when dry .................................................................................... 4

4. Plant part glabrous except the reproductive organs ................................. G. multiloculare var. multiloculare
4. Plant parts all pubescent ............................................................................... G. multiloculare var. pubescens

5. Capsules 3–6 locular; green to white creamy .............................................................................. G. ellipticum
5. Capsules 4–5 locular; yellowish-green ..................................................................................... G. heyneanum

6. Fruits obscurely lobed ................................................................................................................................... 7
6. Capsules unlobed ............................................................................................. G. zeylanicum var. arborescens

7. Plants entirely glabrous ................................................................................... G. zeylanicum var. zeylanicum
7. Plant parts all pubescent ................................................................................. G. zeylanicum var. tomentosum
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Image 1.  Morphological characters: A—Glochidion multiloculare var. multiloculare | B—G. ellipticum | C—G. heyneanum | D—G. lanceolarium 
| E—G. sphaerogynum | F—G. multiloculare var. pubescens | G—G. zeylanicum var. zeylanicum | H—G. zeylanicum var. arborescens | I—G. 
zeylanicum var. tomentosum. © Priyanka Brahma.
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APPENDIX 2 

SPECIMENS DEPOSITED IN BSI, SHILLONG (ASSAM) 

Figure 39. Deposited voucher specimens with accession number 
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Figure 40. Deposited voucher specimens with accession number 
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APPENDIX 3 

 

SEMINAR PRESENTATION 

1. Assam Botany Congress (ABC-02) & International Conference on Plant Science 

organized by Botanical Society of Assam, Guwahati and Department of Botany, 

Cachar College, Silchar, Assam (2021) (Figure 41) 

2. National Seminar on Ethnobotany and Resource Management of the Bodos’ 

organized by the Centre for Bodo Studies, Bodoland University, Kokrajhar, Assam 

(2021) (Figure 42) 

3. National Seminar on Plant Taxonomy and Traditional Knowledge in the 

Himalayas and North-East India & Annual Conference of East Himalayan Society 

for Spermatophyte Taxonomy (EHSST) jointly organized by Department of 

Botany, Rajiv Gandhi University and East Himalayan Society for Spermatophyte 

Taxonomy, Botanical Survey of India (2022) (Figure 43) 

4. International Seminar on Advances in Entrepreneurial Botany: Entrepreneurship 

Opportunities from Plant Resources for Sustainable Development organized by 

Department of Botany, University of Science & Technology Meghalaya in 

collaboration with CSIR-National Botanical Research Institute, Lucknow (2022) 

(Figure 44) 

5. Bodoland International Knowledge Festival, 2023, India organized by Bodoland 

Territorial Region (BTR), Government & Bodoland University, Kokrajhar, Assam 

(2023) (Figure 45) 

6. 2nd National Conference on Natural Products/AYUSH System of Medicine 

organized by Experimental Pharmacology Laboratory (EPL), Department of 

Pharmacology, PGIMER, Chandigarh under the aegis of Tridev Aushdiya Podh 

Utpadak Farmer Society, Rohal, IUPHAR-NP in collaboration with RCFC (NR-

1) of National Medicinal Plant Board Ministry of AYUSH, Govt. of India, 

Joginder Nagar, Mandi, H.P (2024) (Figure 46) 

7. National Seminar on Biodiversity for Sustainable Future with special focus on 

Plant Taxonomy and Annual Conference of East Himalayan Society for 

Spermatophyte Taxonomy (EHSST) organized by Department of Botany, Gauhati 

University, Assam (2024) (Figure 47) 
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Figure 41. Certificate of oral presentation in Assam Botany Congress (ABC-02) & 

International Conference on Plant Science 
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Figure 42. Certificate of oral presentation in the National Seminar on Ethnobotany 

& Resource Management of the Bodos’ 
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Figure 43. Certificate of oral presentation in the National Seminar & Annual 

Conference 
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Figure 44. Certificate of Oral Presentation in the International Seminar  
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Figure 45. Certificate of 3rd prize of the poster presentation in BIKF, 2023, India 
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Figure 46. Certificate of Oral Presentation in the 2nd National Conference 
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Figure 47. Certificate of Oral Presentation in the National Seminar and Annual 

Conference 
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APPENDIX 4 

 

WORKSHOP AND TRAINING 

1. One-Day Workshop on Research Manuscript Writing and Publication in Reputed 

Journal organized by the Centre for Bodo Studies, Bodoland University, 

Kokrajhar, Assam (2021) (Figure 48) 

2. Two Days National Workshop (Online) on Plant Identification and Herbarium 

Methodology jointly organized by Botanical Survey of India, Central National 

herbarium, Howrah and Bareilly College, Bareilly (U.P.) NSS Unit-I (Boys) 

(2021) (Figure 49) 

3. One day Hands-on training on Plants Identification and Documentation organized 

by the Department of Botany, Bodoland University, Kokrajhar, Assam (2021) 

(Figure 50) 

4. Two days National workshop on Green Biotechnology and Therapeutic Potential 

of Medicinal Plants jointly organized by Department of Botany and Zoology, S. S. 

Khanna Girl’s Degree, Prayagraj (2022) (Figure 51) 

5. Hands-on Workshop on Advanced Techniques in Natural Products & Medicinal 

Chemistry organized by CSIR-Indian Institute of Integrative Medicine, Jammu 

(2022) (Figure 52) 

6. Awareness workshop on Access & Benefit Sharing (ABS) and Peoples’ 

Biodiversity Register jointly organized by Assam State Biodiversity Board, 

Guwahati and Department of Zoology, Bodoland University, Kokrajhar, Assam 

(2022) (Figure 53) 

7. Training Course on Classical & Modern Methods in Plant Taxonomy & 

Biosystematics organized by CSIR-National Botanical Research Institute, 

Lucknow (2024) (Figure 54) 
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Figure 48. Certificate of Worksop on Research manuscript writing 

 

Figure 49. Certificate of Workshop on Plant Identification & Herbarium 

Methodology 
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Figure 50. Certificate of Hands-on training on Plant Identification & 

Documentation 

 

 

Figure 51. Certificate of Workshop on Green Biotechnology and Therapeutic 

Potential of Medicinal Plants 
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Figure 52. Certificate of High- End Workshop (KARYASHALA) 

 

 

Figure 53. Certificate of Workshop on ABS & PBR  
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Figure 54. Certificate of Training Course on Classical & Modern Methods in Plant 

Taxonomy & Biosystematics 
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APPENDIX 5

PERMISSION

For field surveys and collection of the specimens in different protected areas of Assam

permission was taken from the Assam State Biodiversity Board (ASBB) and Principal

Chief Conservator of Forests (PCCF), Chief Wildlife Warden, Panjabari, Guwahati,

Assam (Figure 55 to Figure 58).

Figure 55. Permission copy fromASBB
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Figure 56. Permission copy from PCCF
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Figure 57. Permission copy from PCCF
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Figure 58. Permission copy from PCCF


